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Commercial mushroom processors currently lose 
approximately 30 percent of the mushroom weight 
due to shrinkage during processing (blanchi ng and 
canning) , resulting in substantial economic loss-
es . Microscopy was used to assess the extent and 
type of chemical and structura l changes induced by 
processing mushrooms and causing shri nkage. Scan-
ning e l ectron microscopy revealed that the 
processing operations includi ng vacuum hydration , 
blanching , and thermal treatment do not damage the 
integrity of the tissue. Light microscopy re-
vealed that the morphology of the tissue, shape 
and spacing of cells, appear similar for raw and 
processed mushroom tissue . However, the intra -
ce ll ular material remained indistinct for both 
tissue types, and the processed tissue appeared 
distorted. Transmission electron microscopy re-
vea 1 ed that commercia 1 mushroom processing caused 
intracellular damage to the tissue. The heat 
treatment caused the coagulation of cytoplasmic 
material and the disruption of intracellular mem-
branes, resulting in the loss of water holding 
capacity of the tissue. Therefore, shrinkage of 
processed mushrooms results from "denaturation" of 
the organelles and the associated loss of water 
holding capacity by those organelles . 
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Introduction 
Shrinkage , the loss of weight during process-
ing (blanching and canning), continues to plaque 
the mushroom processing industry. Weight losses 
can range as high as 30 percent, which results in 
substantial economic losses to the processor (Eby, 
1975) . Shrinkage results from a loss of water and 
water soluble solids from the mushroom tissue. 
Ho wever, the cause of this loss is not totally 
understood. Microscopy can be used in determining 
the severity of mushroom processing or in assess -
ing the effects of processing and/or handling on 
the quality of mushrooms . Therefore , an ultra-
structural examination of raw and processed 
(blanched and canned) mushroom tissue should pro-
vide insight into the causes of mushroom shrink-
age. 
co~e~2~;~ ~~s c~~ ~{~;~!d (~~~~~~o~i ~~ ~~e t:~r~~jor 
{Chang, 1980). Information is available on the 
structure and ultrastructure of raw mushroom 
tissue; however, minimal information is available 
on the ultrastructure of processed mushroom 
tissue. The general ultrastructure of fungi and 
~::n ~~~;:~;~~~~~r(Br~~ke~;a~~~~~ ~!~k~~~\~a~~ ., 
1974; Angeli - Papa and Eyme , 1978 ; Alexopoulus and 
Mims, 1979). These investigations pertain to the 
stipe elongation mechanism (Craig et al. , 1977a; 
Craig et al . , 1979), the cell wall structure 
(Novaes- Ledieu and Garcia- Mendoza , 1981). basidia 
and septal pore structures (Craig et al . , 1977b; 
Flegler et al., 1976), cell mem brane development 
(Eyme and Angel i-Couvy, 1975) , the basidiospore 
structure (Elliott, 1977; Rast and Hollenstein , 
1977}. and nuclear distribution (Wanq and Wu, 
1974) . However, the relationship of-mushroom 
ultrastructure to pr ocess ing has not been investi-
gated . 
Mushroom processing operat i ons have two major 
purposes : a) to provide a steri 1 e product and 
b) to minimize shrinkage of mushroom tissue, to 
maximize canned product yield. Var i ous processes 
that limit shrinkage have been reported (Go rmley , 
1972; Mc Ard le et al ., 1974; See l ma n and McArdle, 
1975; Steinbuch, 1979 ). Gormley (1972) found tha t 
freez ing unblanched mushrooms produced a higher 
qua lity product than freez ing blanched mushrooms . 
Ste inbuc h (1979} found that vacuum packing of 
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unblanched frozen mushrooms showed promise in im-
proving mushroom quality and reducing shrinkage. 
Seelman and McArdle (1975) found that post-harvest 
g~s~rf~~ ~~s~~~o~~ ~~ ~~~~ai~1l~:~~e~~t~~:~ing 
(PSU-3S- Process) or vacuum hydration (SSV - Process) 
prior to blanching, increased the canned product 
yield (decreased shrinkage). Increased yields due 
to storage at elevated temperatures supported the 
hypothesis that chemical changes within the mush-
room tissue caused an increase in water retention 
by the tissue (Beelman and McArdle, 1975). The 
higher storage temperatures resulted in an in -
crease in the mushroom tissue's ability to absorb 
more water before processing and retain more water 
during processing (Beelman and McArdle , 1975). 
These results indicate that a loss of water hold-
ing capacity or water binding capacity of the 
mushroom tissue during processing causes shrink-
age. 
Chemical changes in the protein structure of 
the mushroom tissue could produce the increase in 
water holding capacity during storage (Beelman 
et al. , 1973). However, the specific chemical and 
structural changes that occur during processing to 
cause shrinkage remain unknown. Therefore, this 
investigation uses microscopy to assess the extent 
and type of chemical and structural changes in-
duced by processing (blanching and canning) mush-
rooms. 
f~a teri a 1 s and Methods 
Samples 
Raw cultivated mu~hrooms, Agaricus P..!._spor~s 
(Lange) Sing were obta1 ned from The Pennsylvama 
State University Mus hroom Research Center and the 
commercially processed samples were canned buttons 
grown and processed in Pennsylvania. Mushrooms 
with tightly closed veils and cap diameters rang-
ing from 2.8-3.0 em were selected . Seven sections 
of raw and processed tissue were prepared for 
scanning electron microscopy. These included out-
side surface , longitudinal, and cross-sectional 
cuts of the cap (pileus) and stem (stipe) and the 
outside surface of the gills. Five sections of 
raw and processed tissue were prepared for light 
and transmission electron microscopy. These in-
cluded cross- section and longitudinal cuts of the 
cap and stem a nd cross-section of the gills. 
Scanning Electron Microscopy (SE~1) 
The samples were prepared by a modification 
pf the method described by Falk (1980). The 
sectio ns were fixed in 3% glutaraldehyde in 0.1 M 
cacodylate buffer, pH 7. 1, then dehydrated with 
ethano l, critical point dried with carbon 
dioxide (Polaron model E3000) , sputter coated with 
gold {International Scienctific Instruments model 
PS- 2), and examined with an International Scien -
tific Instruments ISI-60 scanning electron micro-
scope at 10 kV. Photographs were taken with an 
Asahi Pentax 35 mm camera. 
Light and Transmission El ectron Microscopy (TEM) 
Samples were prepared by a modification of 
the method outlined by Gabriel (1982) . The tissue 
was fixed in 2% fonnaldehyde and 1% glutaraldehyde 
in 0 .1 5 M cacodylate buffer, pH 7 .1. The samples 
were treated with a vacuum for 15 min. in a vacuum 
oven for air removal. The tissue was transferred 
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to 3% glutaraldehyde in the same buffer , post 
fixed in 1% osmium tetroxide , and treated with 
0.5% uranyl acetate in 0.1 t~ sodium acetate over-
night. The samples were dehydrated with acetone 
and embedded in Spurr firm epoxy resin (Spurr, 
1969). Samples were sectioned, stained with 1% 
toluidine blue for ligh t microscopy or with 3% 
uranyl acetate in 7. 5% methanol, 0 . 2% lead c i-
trate (Venable and Coggeshall , 1965), and Reynolds 
lead stain (Reynolds , 1963) for transmission elec-
tron microscopy . A Leitz- Ortholux 1 ight micro-
scope and an Hitachi HUllE electron microscope 
were used . 
Results and Discussion 
Typical conm1ercial mushroom processing 1n 
the United States (F ig. 1) involves washing the 
mushrooms, then cold storage for up to 48 hours, 
and applying a vacuum hydration treatment, which 
completes the pre-processing steps . The remain-
ing steps of the process include blanching, fill -
inq, brining, closing, thermal processing, cool-
ing, and storage. The major <JOal of this process 
is for the mushroom tissue to absorb as much water 
as possible during soaking and vacuum hydration 
so that the water lost during blanching and ther-
mal processing is mostly the absorbed water. 
Scanning electron, light, and transmission elec-
tron microscopy were used to determine the effects 
this process had on mushroom tissue. 
The scanning electron micrographs of the 
stem, cap , and gills (Figs . 2- 6) show that the 
absorption of water during vacuum hydration and 
subsequent loss of water during blanchinq and 
thermal processing does not destroy the overall 
integrity of the tissue . Filaments or hyphae com-
pose the outer surface of the stem (Fig. 2) and 
the cap (Fig . 4) . The longitudinal filaments in 
the raw (Fig . 2a) and processed stem (Fig. 2b) 
are bunched together. However, the filaments in 
the processed tissue appear deflated or shriveled 
(Fig. 2b). Monacha (1965) described the stem as 
a combination of wide inflated hyphae and narrow 
threadlike filaments. The cross-section a 1 view 
of the stern (Fig. 3) shows the two types of sep-
tate hyphae. The compact filaments of the pro-
cessed tissue (Fig . 3b} with gaps between groups 
of filaments reveal the same distortion seen on 
the outside surface of the stem (Fig . 2b) . Random 
crossing hyphae compose the cap (Fig . 4). This 
random crossing leaves spaces wide enough for bac -
teria to enter and grow in the mushroom tissue. 
In both cases , the filame nts increase in chitin 
and water contents as the mushroom grows and t he 
cells elongate (Bonner et al., 1956; ~Jebster, 
1970). 
Individual club shaped basidia cover the out-
side surface of the gills. Rough, distorted club 
shaped basidia cover the processed gills (Fig . 
6b) while smooth , distinct club shaped basidia 
cover the raw gills (Fig . 6a) . Finally , the pro-
cessed gills (Fig. 5b) appear more compact than 
the raw gills (Fig. 5a), which could be a possible 
indicator of shrinkage . 
While certain parts of the mushroom tissue 
such as the surface of the gi 11 s and stem appear 
shriveled and distorted, the overall integrity of 
the tissue has not been lost as a consequence of 
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CXJI I I NF OF CQ MMFR C!AI Ml !SHROO M 
PR:JCESS I NG OPERATION 
Fig . 1. Flow chart of a typical comnercial mush-
room processing operation . 
STEM 
OUTSIDE - SURFACE 1--1100pm 
Fig. 2. Scanning electron micrograph of the 
outside surface of raw (a) and processed (b) mush-
room stem . 
RAW 
STEM 
CROSS SECTION 
PROCESSED 
1---11 00pm 
Fig - 3. SEf1 micrograph of the cross - sect i on of raw 
(a) and processed (b) mushroom stem . Arrows 
i ndicate septa . 
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CAP 
OUTSIDE - SURFAC E 
PROCESSED 
1---11 00pm 
Fig. 4 . SEM micrograph of the outside surface of 
raw (a) and processed (b) mushroom cap. Arrows 
indicate gaps large enough for bacteria to enter. 
RAW 
GILLS 
OUTSIDE- SURFACE 
PROCESSED 
H 100pm 
Fig. 5. SEM micrograph of the outside surface of 
raw (a) and processed (b) mushroom gills. 
RAW 
GILLS 
OUTSIDE -SURFACE H10pm 
Fig . 6. SEM micrograph of the outside surface of 
raw (a) and processed (b) mushroom gills. 
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processing (Figs. 2-6). This indicates that the 
large amount of water forced into the mushroom 
tissue durinq vacuum hydration does not damage the 
external cellular structure . The loss of water 
from the tissue during blanching and thenna l pro-
cessing results in the shriveled and distorted ap-
pearance of the tissue. The second portion of 
this investigation used light microscopy to deter-
mine if the general morpho1ogy changed during pro-
cessing. 
Light microscopy revealed several character-
istics present in all sections of the mushroom 
tissue. First, the morphology of the tissue, 
shape and spacing of cells, appear similar for the 
raw and processed mushroom tissue. Septate hyphae 
compose the cap and the stem with random crossing 
hyphae in the cap and longitudinal hyphae in the 
stem. The gills contain three layers of cells 
(Craig et al., 1977b), which include trama cells 
(T), subhymenial cells (SH), and hymenial cells 
(H) (Fig. 7). Second, the intracellular material 
of the raw and processed tissue remained indis-
tinct (Fig. 7). Finally, all of the processed 
tissue appeared distorted although the organiza-
tion remained the same as in the raw tissue 
(Fig. 7). The final portion of this investigation 
used transmission electron microscopy to determine 
if intracellular damage occurred as a result of 
mushroom processing . 
The transmission electron micrographs (Figs. 
8-10) revealed that commercial mushroom processing 
results in damage to the intracellular material 
(Figs. 8b,9b,!Db). The raw mushroom tissue (Figs. 
8a,9a,l0a) contained identifiable intracellular 
material characteristic of basidiomycetes (Bracker, 
1967; Beckett et al., 1974; Eyme and Angeli-Couvy, 
1975; Craig et al., 1977a; Alexopoulu s and Mims, 
1979; Craig et al ., 1979). The structures include 
cell walls (W), ce llular membranes (CM), nucleus 
(N) , nuclear membranes (NM) , mitochondria (M), 
concentric lamellae membranes (CL), electron dense 
bodies (DB), lipid droplets (D), and vacuoles (V). 
The damaged processed mushroom tissue lacks iden-
tifiable cellular material except for remnants of 
the cell walls (W), cellular membranes (CM), 
dolipore septum (S), and vacuoles (V). There-
maining intracellular material appears as clusters 
of precipitated electron dense material (D) 
throughout the cells (Figs. 8b,9b,!Db). 
Severa l of the consequences of commercial 
mushroom processing appear in the transmission 
electron micrographs (Figs. 8-10). First, as 
previously mentioned, the intracellular material 
appears as electron dense clusters rather than 
as distinct organelles (Figs. 8b,9b,!Db). The 
heat treatment applied during processing caused 
the coagulation of cytoplasmic material such as 
proteins and the disruption of the compartmental-
izing intracellular membranes {Figs. 8b,9b,1Db). 
The coagulation and the disruption of intracellu-
lar membranes result in the loss of water holding 
capacity of the tissue so that the tissue shrinks 
to 80 percent of its original weight. However, 
the intact cell wall and coagulated material traps 
the remaining water in the tissue. 
Two types of tissue are present in the mush-
room, the stem and cap, and the gills. The stem 
and cap contain large vacuoles in the center of 
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the cells (Figs. Sa and 9c), which oress the cyto-
plasmic material near the cell wall (Fig. 9a). 
Therefore, the majority of coagulated electron 
dense material remains necr the cell wall in the 
processed tissue (Fig . 8b ). The gills contain 
the greatest amount of i nt racellular material 
(F ig. lOa) due to the gills being the reproductive 
region of the mushroom and these regulate other 
functions such as stipe growth (Hagimoto and 
Konishi, 1972). In this case, the electron dense 
material generally appear s in the center of the 
cell leaving gaps between it and the cell wall 
(Fig. !Db). These gaps may permit the gill tissue 
to lose more water than t he cap or stem during 
processing . 
Second, the outer layer of the cell wall at 
the tips of the basidia appear broken and sepa-
rated from the rest of the cell wall (Fig. lOb, 
arrows). This phenomenon did not appear in any 
other section of the mushroom tissue. The broken 
cell wall may allow more ~later to leave the 
tissue. 
Finally, mushroom processing causes distor-
tion in the processed tissue (Figs. 8b,9b,l0b). 
The distortion, most apparent in the gill tissue 
(Fi~. lOb), appears as irregular shaped cells with 
gaps or channels between cells. Commercial pro-
cesses allow the absorption of water into the 
mushroom tis sue. However, whether the water is 
absorbed directly into the cells or into the gaps 
between the cells has not been determined. In 
any case, processinq releases all of the absorbed 
water plus part of the original water from the 
tissue, causing the distortion of cells and chan-
neling between cells seen in the processed tissue 
(Figs. 8b , 9b,!Db). 
Summary and Conclusions 
Commercial mushroom processing appreciably 
alters the intracellular organization of the mush-
room tissue causing shrinkage . Scanning electron 
micrographs showed that processing did not destroy 
the surface s true tura 1 features of the mushroom 
tissue. However , the processed tissue appeared 
shriveled and distorted, though intact. light 
micrographs revealed sim ila r cell types for raw 
and processed tissue, but the processed cells 
appeared distorted. Transmiss ion electron micro-
graphs showed that processing caused intracellular 
damage to the mushroom tissue. All cellular or-
ganelles became coagulated electron dense material 
resulting in a loss of water holding capacity of 
the organelles. This results in shrinkage of the 
tissue due to a loss of water and water soluble 
solids. Therefore, the loss in canned product 
yield of processed mushrooms results from 
"denaturation" of the organelles and the associat-
ed loss of water holding capacity by those organ-
elles. 
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RAW 
GILLS 
CROSS - SECTION 
PROCESSED 
Fig. 7. light micrograph of the cross-section of 
the gills for raw (a) and processed (b) mushroom. 
Trama (T), subhymenia l (SH) , and hymenial (H) cells 
are visualized . 
RAW PROCESSED 
Fig. 8. Transmiss i on electron micrograph of 
the l ongitudina l cut of the raw (a) and processed 
(b) mushroom stem . Nucleus (N), cell walls (W) , 
mitochondria (M) , concentr ic lamellae (CL), dolipore 
septum {5), vacuo les (V) , and electron dense mat-
erial (D) are observed . 
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Discussion with Reviewers 
O.A. Wood· Why " 'ere only the beginning and end 
stages of the process examined since the changes 
observed may have occurred during one of several 
processes? ---
Authors : The raw mushroom tissue was impregnated 
with glutaraldehyde under conditions similar to 
the vacuum hydration process (see Materials and 
Methods section). Since all cellular structures 
were observed in the raw tissue, the vacuum hy-
dration process d.oes not cause the change in the 
tissue. The thermal treatment accorded to the 
tissue during blanching is less severe than 
thermal processing . Also, most of the ma terial 
lost from the mus hroom during blanching was water 
impregnated into the tissue during vacuum hydra -
tion {Beelman and McArdle, 1975). Therefore, we 
felt that the significant change in the ultra-
structure of the tissue results from thermal 
processi ng; hence, the reason for examining the 
beginning and end stages of the process. 
D. A. Wood· Cou l d you produce these changes merely 
by therma 1 processing? 
Authors: Yes. 
F. Ingratta: In what way do the authors feel the 
freezing method o f proces~ing mushrooms would af-
fect the cell ultrastructure? 
Authors. Integrated Quick Blanching (IQB) and 
Integrated Quick Freezing (IQF) methods currently 
used by the frozen mushroom industry, insure the 
creation of smal l uniform ice crystals in the 
frozen product . Assuming minimal thermal shock 
during storage, ~"e would speculate that the ultra-
structure of f ro:oz:en mushroom tissue would be 
similar to that of raw mushroom tissue. If ther-
ma l shock becomes a factor leading to the forma-
tion of large ice crystals, resulting from the 
migration of int 1racellular water to intercellular 
water, the rupturre of cell membranes would be 
expected. However, we would not necessarily ex-
pect to visualize the electron dense material that 
was seen as a result of thermal coagulation. 
D.A. Wood· What is the chemical composition of 
the solids lost from the mushroom tissue during 
processing? 
Authors: The water absorbed by the mushroom tis-
sue during vacuum hydration is the major compo nent 
lost during processing (Seelman and McArdle , 1975; 
Steinbuch, 1978) . This water contains all of the 
water soluble pr<O teins originally presen t in the 
mushroom tissue (Eby, 1975). However , further 
chemical analysis of the sol i ds lost from the 
mushroom tissue during processing was not 
conducted. 
